A triplex-forming sequence from the human c-MYC promoter interferes with DNA transcription.
Naturally occurring DNA sequences that are able to form unusual DNA structures have been shown to be mutagenic, and in some cases the mutagenesis induced by these sequences is enhanced by their transcription. It is possible that transcription-coupled DNA repair induced at sites of transcription arrest might be involved in this mutagenesis. Thus, it is of interest to determine whether there are correlations between the mutagenic effects of such noncanonical DNA structures and their ability to arrest transcription. We have studied T7 RNA polymerase transcription through the sequence from the nuclease-sensitive element of the human c-MYC promoter, which is mutagenic in mammalian cells (Wang, G., and Vasquez, K. M. (2004) Proc. Natl. Acad. Sci. U. S. A. 101, 13448-13453). This element has two mirror-symmetric homopurine-homopyrimidine blocks that potentially can form either DNA triplex (H-DNA) or quadruplex structures. We detected truncated transcription products indicating partial transcription arrest within and closely downstream of the element. The arrest required negative supercoiling and was much more pronounced when the pyrimidine-rich strand of the element served as the template. The exact positions of arrest sites downstream from the element depended upon the downstream flanking sequences. We made various nucleotide substitutions in the wild-type sequence from the c-MYC nuclease-sensitive element that specifically destabilize either the triplex or the quadruplex structure. When these substitutions were ranked for their effects on transcription, the results implicated the triplex structure in the transcription arrest. We suggest that transcription-induced triplex formation enhances pre-existing weak transcription pause sites within the flanking sequences by creating steric obstacles for the transcription machinery.